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Introduction
The main objective of intellectual property rights (IPR) is to foster innovation and economic development. According to the World Trade Organisation (WTO) Agreement on Trade Related Aspects of Intellectual Property Rights (TRIPS), which is the foremost and most in-depth international agreement on protection of intellectual property rights (IPRs), "the protection of IPRs should promote technological innovation, as well as the transfer and dissemination of technology" (Article 7 TRIPS Agreement). However, its impact on developing countries has been a subject of intense controversy since the ratification of the WTO's TRIPS Agreement in 1995, and is at the heart of the current trade dispute between the United States and China. While a school of thought argues that IPR protection enhances innovation, economic growth and development (Branstetter et al., 2010) , another school argues that it hampers them (Chaudhuri et al., 2006) . The advocates of IPR posit that strong IPR protection will promote economic growth and development by increasing the incentives for innovation and encouraging foreign direct investment (Branstetter and Saggi, 2011) . On the other hand, the antagonists of IPR opine that it enhances the monopoly powers of innovators, distorts prices and limits the ability of developing countries to access imported technology (Maskus, 2000) .
The debates on the impact of intellectual property rights has been extended to the current discussion on climate change mitigation. Mass development, transfer and adoption of climate-friendly technologies and renewable energy has been recognised as essential to mitigating climate change within the required timeframe (Copenhagen Economics, 2009 ). The share of renewable energy in global energy use rose from 17 per cent in 1990 to 18 per cent in 2015 (figure 1), but a large proportion of this renewable energy is from traditional biomass. Considerable efforts are required to develop and adopt key technologies such as solar and wind. However, given the differences in resource endowment, economic development level and technological advancement among countries, there is need for technology and know-how transfer from technologicallyadvanced countries to technologically lagging countries (Ockwell et al., 2010) . Technology transfer is crucial given the asymmetry in research and development expenditure between developed and developing countries as shown in figure 2. According to Correa (2013) , 90 per cent of technological development is concentrated in the United States, European Union, Japan and China; and 80 per cent of all patented innovations in carbon capture, geothermal, solar PV and wind energy technologies are owned by companies from France, Germany, Japan, South Korea, United Kingdom and the United States. The TRIPS Agreement acknowledges these differences by taking into consideration "the developmental and technological objectives" of its members, while also recognising the special needs of its least-developed country (LDC) members (preamble TRIPS Agreement). The TRIPS Agreement grants their least developed country members more flexibility in the implementation of their obligation under TRIPS in order to help them achieve a strong technological base. This flexibility is not available to non-members of least developing countries.
The issue of intellectual property rights is a major point of discussion in innovation and technology transfer, including clean energy technology innovation and transfer. According to Latif (2012 Latif ( , 2013 , technology transfer and innovation are key issues in the Rio+20 United Nations Conference on Sustainable Development discussions, but IPR which are related to them are barely mentioned. Nonetheless, there has been considerable policy debate over the scope and role of IPR protection with respect to clean energy and climate mitigation technologies. Some studies argue that IPR protection serves as an incentive to innovate and transfer clean energy technologies, while others claim that IPR protection would lead to higher costs of clean technology and hinder developing countries' access because of the exclusive rights of the patent holder (ICTSD, 2008; Kapur, 2011) . Although the TRIPS Agreement provides for exceptions to the exclusive right of patent holders under its Article 30, these exceptions apply collectively and are limited in nature. The Agreement also addresses the abuse of intellectual property rights by its holders, by providing that appropriate steps could be taken where IPR would unreasonably restrain trade or affect technology transfer (Article 8(2) TRIPS Agreement). The studies that examine the effect of IPR on climate change and clean energy technology have mixed conclusions (Hascic et al., 2010; UNEP, et al., 2010) , partly because of inadequate data, different data sources and different methodologies. The analysis of the impact of IPR protection on clean technology innovation and transfer is a relatively young field of research. The majority of studies approach the subject mainly from theoretical, legal and case studies perspectives (Kapur, 2011; IRENA, 2012; Copenhagen Economics, 2009 
Literature review

Theoretical framework
IPR protection is seen as supporting innovation as it gives innovators and investors confidence that unauthorised access to their inventions are prevented and they will be able to recoup the funds invested on research and development. It is believed that protection of intellectual property rights safeguards innovations from being used by other people who did not incur any cost in its development (Allred and Park, 2007) . Thus, the degree to which innovations are protected largely determines how innovators benefit from their innovations and hence their incentives to innovate (Teece, 1986) . Similar to domestic innovation, protection of IPR influences innovators' decisions on whether to transfer their innovations to other countries or not. Innovators would be unlikely to transfer their innovations or technology to countries with poor records of intellectual property rights protection because of the possibility of imitation. According to the Commission on Intellectual Property Rights (2002), advocates of strong international IPR protection argue that it stimulates domestic innovation and facilitates technology transfer. Thus, from this point of view, IPR protection serves as both a stimulator of innovation and technology transfer. On the other hand, IPR protection could also hinder access to key technologies and inventions. Stronger protection could hinder technological catch-up, learning and innovation. Some scholars argue that tight protection of intellectual property rights undermines access to inventions by creating a natural monopoly and increasing the costs of access to such inventions (Ebinger and Avasarala, 2009 ).
Like any other technological innovation, IPR could influence renewable energy development, transfer and diffusion. Several studies and reports have confirmed the important role of IPR in renewable energy and climate technology policy debates (Latif, 2012 (Latif, , 2013 IRENA, 2012) . On one hand, IPR protection could encourage investment in renewable energy technology in the hope of higher economic returns. In this case, IPR protection would have a positive effect on renewable energy development. On the other hand, IPR protection could undermine efforts by developing countries to have access to renewable energy technologies. Given the low innovation capabilities of developing countries, they rely largely on developed countries for development and transfer of renewable energy technologies. However, stringent IPR protection could make it harder or more expensive for developing countries to access these technologies.
Empirical literature review
Though the subject of intellectual property rights is situated in the legal field, many empirical works have
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Research has been conducted on the impact of IPR on economic growth, trade, FDI, innovation and technology transfer and diffusion (Taylor, 1994; OECD, 2003) .
Some studies have also analysed the impact of IPR protection on innovation and technology transfer, with contrasting conclusions. Allred and Park (2007) find that there is a strong positive impact of patent rights on a firm's propensity to invest in innovation, although the impact varies across industries, with the greatest impacts being in the scientific instruments and industrial chemicals industries. Qian (2007) shows that there is a small positive effect but with a time lag, and the effect on domestic innovation will be negative after an optimal level of IPR protection. Falvey et al. (2004) show that patent protection has a positive effect on technology transfer. They show that IPR protection enhances economic growth and technology transfer in low-income and industrialised countries, and has marginal negative effects on growth and technology transfer in middleincome nations. In a later study, Falvey et al. (2006) show that IPR protection has a strong positive effect on technology innovation and diffusion in developing countries with sufficient capacity to innovate, while it has little or negative effect on developing countries without such capacity. The contrasting findings suggest that the impacts of IPR protection on technology transfer and innovation may differ across industries, depend on the level of economic development and innovation capability of a country, and may have diminishing returns (ICTSD (2008).
More specifically, some studies have gone further to examine the impacts of intellectual property on renewable energy and environmental-related technologies. While these studies generally conclude that IPR protection does not impede adoption of climate change mitigation technologies, this depends on other factors such as geography, renewable technology type (Perez-Pugatch, 2011), innovation policies and adoptive capacities (Maskus and Okediji, 2010) , as well as political economy factors (Ockwell et al., 2010) . Copenhagen Economics (2009) concludes that IPR protection does not constitute an impediment to the transfer and access of climate change technologies to developing countries. Also, citing the example of China, the study claims that strenghtening the IPR regime fosters indigenous innovations in clean technology. These findings are supported by Harvey (2008) , du Plooy (2013) and Barton (2007) . Barton's study further shows that wind energy is more sensitive to IPR, but it still does not deter access to developing countries.
The existing literature leaves significant research gaps in understanding the impact of intellectual property rights protection on renewable energy technology adoption. The data, methodology and approaches adopted to analyse the impact of IPR on climate-related technologies differs from study to study, ranging from case studies to consultations/interviews. This study aims to fill some of those gaps by adopting an econometric approach to the subject, that takes advantage of a novel dataset on IPR protection. The results of the study contribute to current debates on the relevance of intellectual property rights and overall institutional frameworks for achieving global sustainable energy and environmental goals.
Data and method
In this study, we focus on renewable energy technology by looking at renewable energy generation/use. Renewable energy technologies are either a product of domestic innovation or technology transfer. Thus, the strength of intellectual property rights may influence it. Stronger protection of IPR could affect domestic innovation and development of renewable energy technologies as well as the export of foreign-made renewable energy technology. Therefore, the amount of renewable energy generated or used will be influenced by domestic innovation or foreign transfer of renewable energy technologies, which in turn are dependent on the strength of intellectual property rights. The main hypothesis in this paper is that countries with higher and improving levels of IPR protection have a higher propensity to adopt renewable energy technology.
Variables and data source
The objective of this study is to examine the impact of IPR protection on renewable energy. One of the key challenges of empirically studying the impact of IPR protection is identifying an appropriate measure of the strength of IPR. While significant attention has been put towards studying intellectual property rights, developing an acceptable measurement has been extremely difficult (Allred and Park, 2007) . Studies such as Ferrantino (1993) and Rapp and Rozek (1990) use dummy variables as a meaure of IPR. Among studies that have developed a measure for the strength of IPR, Mogee's (1989) study is based on a single industry while the scope of Mansfield's (1994) study covers only sixteen countries. Allred and Park (2007) argue that while these studies are important, the approaches are limited because the measures of IPR used are mostly developed for only one time period. They posit that an index that takes on continuous values is a better measure because it properly captures variations among countries; and the index must be current, longitudinal and available for a large number of countries. Therefore, we adopt the Ginarte-Park index as a measure of the strength of intellectual property rights protection in this study (Ginarte and Park, 1997; Park, 2005) . Unlike previous measures, the Ginarte-Park index includes data for over 100 developed and developing countries over the period 1960-2005 at five-year intervals. It measures the strength of IPR protection based on the following five categories -extent of coverage, membership in international patent agreements, provisions for loss of protection, enforcement mechanisms, and duration of protection. The index score ranges from 0 to 5, with 0 indicating a lower level of protection and 5 a stronger level of protection. In terms of the robustness and accuracy of the index, Lesser (2011) notes that the results of the country ranking are not sensitive to a range of weights tested, and the index is the most frequently used in empirical studies.
The dependent variable in this paper is renewable energy use. Renewable energy use here refers to the share of renewable energy in total final energy use, as provided by the World Development Indicators. In addition, three control variables are also included in the analysis to capture their impacts on renewable energy generation. Several control variables have been used in the renewable energy literature, but we choose GDP per capita (which represents the level of development), trade openness and research and development in this paper. These three control variables are frequently used in the study of economic factors that influence renewable energy adoption. GDP per capita is included in the model because it is theoretically recognised that developed countries with higher income have the propensity and resources to develop renewable energy (Sardosky, 2009 ). Trade openness measures the level of integration into the world economy and is included in the model to capture the channel of diffusion of technological innovations and know-how (Xu and Chiang, 2005) . It is expected to enhance technology and knowledge transfer, and consequently facilitate the adoption of renewable energy technologies (Omri and Nguyen, 2014) . Research and development is an important driver of innovation and is found to be a very important factor in the global quest for cleaner energy (Lomborg, 2010 
Model specification
Based on the hypothesis and variables, the model to investigate the impact of intellectual property rights protection on renewable energy technology development is expressed as follows:
where re is renewable energy use and is measured as the share of renewable energy in total energy use; ipr is the strength of intellectual property rights protection based on the Ginarte-Park index; gdp is GDP per capita (current price), to is trade openness and is calculated as the share of the sum of nominal imports and exports in GDP, rd is research and development capabilities and is proxied by the number of scientific publications. A fixed-effects panel regression technique is used to estimate the model.
Results and discussions
The results of the analysis are presented in this section.
We present the summary statistics and the correlation matrix in tables 1 and 2 respectively. In table 1, the mean and standard deviations of the dependent and independent variables are presented. The average of the share of renewable energy in total energy production for the 102 countries in this study is 41.1 per cent while the standard deviation is 33. Table 2 shows the correlation matrix of the variables in the model. The correlation coefficients between pairs of variables are mostly close to 0, indicating low relationships, and eliminating the possible problems of multicollinearity. The correlation coefficients between GDP and IPR; RD and IPR; and RD and GDP are 60 per cent, 61 per cent and 67 per cent respectively, indicating high relationships. This is not surprising given that the level of development/market size and R&D are highly associated with IPR protection (Ginarte and Park, 1997; Lai, 2007) . In addition, all the variables seem to have a negative correlation with renewable energy. Table 3 shows the results of the regression analysis for all the 102 countries. Model I is the result of the pooled OLS where the sole impact of IPR on renewable energy is examined and country and time fixed effects are not considered. These results imply a negative impact of IPR protection on the adoption of renewable energy. The estimates suggest that a one point increase in the level of IPR protection is associated with a 1.28 points decline in share of renewables in energy use. Similarly, when country-specific effects are taken into consideration in Model II, a higher level of IPR protection also tends to have a statistically significant negative relationship with renewable energy adoption. But once time fixed effects are added (Model III) the effect of IPR protection is no longer statistically significant; in these models, much of the variation in renewable energy shares is absorbed by the fixed effects.
The control variables (GDP, trade openness and R&D) are included in Model IV. In this model, IPR protection has a negative but insignificant relationship with renewable energy. Once these control factors are added, IPR protection appears not to be an important factor in renewable energy adoption. Trade openness has a significant positive impact on the adoption of renewable energy in line with a priori expectations. A one unit increase in trade openness tends to be associated with an increase in the level of renewable energy adoption of 0.14-0.15 percentage points. This confirms the theoretical literature that trade is an important channel for the development and transfer of technology, including renewable energy technologies. This supports the earlier findings of Omri and Nguyen (2014) . In contrast, GDP per capita has a significant negative relationship with renewable energy adoption. In other words, economic development is associated with a lower share of renewables in total energy use. A one unit increase in the level of development tends to be associated with a reduction in the share of renewable energy in total energy use of between 0.29-0.33 percentage points. This surprising result is in line with previous studies such as Lin and Omoju (2017) . Many developing countries are located in regions that benefit from long hours of sunshine, access to wind and water resources that encourage the adoption of renewable energy technologies. By contrast, revenue from fossil fuels has increased GDP per capita in many countries, where there are far less incentives to invest in renewable energy technologies. Furthermore, economic development may increase total energy use much more than it expands the use of renewable energy. Therefore, policy makers must pay attention to the share of renewable energy in total energy use and not just the amount of renewable energy. R&D does not have a significant impact on the adoption of renewable energy. This could be as a result of the data used to capture R&D in this paper. We use scientific publications as a measure of R&D capabilities. Scientific publications are only a small fraction of the R&D process. Time series data for R&D spending are not available for most countries.
Model V includes the square of IPR (IPR 2 ) in order to investigate whether there is a non-linear relationship between IPR and renewable energy. The idea of a nonlinear relationship is based on the fact that IPR could increase innovation, but protection of IPR beyond a certain level could undermine innovation and vice versa (Falvey et al., 2006; Qian, 2007) . But there is no evidence of a non-linear impact of IPR protection on renewable energy as the coefficient of IPR 2 is not significant. We further interact IPR with GDP and RD in order to determine whether the impact of IPR on renewable energy is dependent on country characteristics such as the level of development and the capabilities for research and development. From the results, the relationship between IPR and renewable energy is not dependent on the level of economic development (once countryspecific dummies are included), but on the capabilities for research and development. The interaction between IPR and research and development capabilities (IPR*RD) is significant at the 5 per cent level, implying that the relationship between IPR and renewable energy is dependent on the R&D capabilities. In other words, the effect of IPR on renewable energy varies at different levels of R&D capabilities. Because of the very limited capability for imitation in low R&D countries, there may be higher incentive for the innovation of important technologies, including renewable energy technology. In high R&D capability countries, stronger IPR protection may increase competition among inventors, which discourages the rapid diffusion of new technology and accumulation of technological knowledge, thereby limiting innovation and/or restricting its availability. Generally, the results downplay the role of IPR protection in renewable energy adoption, but point to a negative effect in countries with higher R&D capabilities.
Developing countries have been at the forefront of reforming intellectual property rights protection at the international level, particularly with respect to climatefriendly and clean energy technologies . This is due to the concern that most technology innovations are executed in developed countries and excessive protection may impede developing countries' access to these technologies and ultimately delay domestic innovation. In the light of this assertion, we investigate the impact of IPR protection on renewable energy adoption in developing countries only. The results are presented in 
Conclusion and agenda for future research
This study investigates empirically the impact of intellectual property rights protection on renewable energy adoption using econometric techniques. Panel data for 102 developed and developing countries are used for the regression analysis. From the results, we find that protection of intellectual property rights tends to have a negative impact on renewable energy adoption if other drivers of renewable energy adoption are not considered. However, it has no impact on the adoption of renewable energy after controlling for other factors that influence renewable energy adoption, except when interacted with R&D. In particular, trade openness is a major channel and positive driver of renewable energy transition. The study also finds that reforming of intellectual property right regimes does not have significant impact on renewable energy adoption.
The main conclusion of this paper is that intellectual property rights within a country are not an impediment to or stimulator of renewable energy adoption. Rather, nontechnical and economic factors, such as trade openness, have a stronger influence in driving renewable energy adoption. The key policy implication of these results is that tightening or loosening intellectual property rights systems would only have appreciable impacts on the attainment of renewable energy in high R&D countries. Rather, policy makers should focus more on the economic factors that are instrumental in promoting the adoption of renewable energy technologies. In particular, policies aimed at facilitating clean energy innovation and technology transfer through international trade and cooperation should be highly encouraged.
This paper is not without limitations. By renewable energy adoption, we focus on aggregate renewable energy. However, it is possible that IPR has varying impacts on different types of renewable energy such as wind, solar, hydro, etc. (ICTSD, 2008[9] ). Thus, future studies should attempt to examine the impact of IPR protection on the adoption of different types of renewable energy, taking into consideration regional effects, proximity to the equator, access to renewable energy resources and dependence on fossil fuel exports. Also, future studies could concentrate specifically on the impact of IPR on renewable energy innovations (rather than renewable energy use which is an end product of the innovation) if the relevant data are available.
Furthermore, Liu and La Croix (2015) used the methodology of the Ginarte-Park index to develop a new intellectual property rights index specifically for pharmaceutical innovations. Subsequent follow-up studies could also attempt to develop an IPR index for energy technology in order to determine accurately the level of protection of renewable energy innovations.
A key question that this analysis does not attempt to address is whether IPR protection in one country impacts the expansion of renewable energy in another country. Since most innovations in renewable energy are made in a few countries, there is a need to examine if the IPR regimes in these countries impact the diffusion to the rest of the world.
